Ball versus Locator® Attachments: A Retrospective Study on Prosthetic Maintenance and Effect on Oral-Health-Related Quality of Life by Brandt, Silvia et al.
materials
Article
Ball versus Locator® Attachments: A Retrospective Study on
Prosthetic Maintenance and Effect on Oral-Health-Related
Quality of Life
Silvia Brandt 1,*, Hans-Christoph Lauer 2, Michael Fehrenz 3, Jan-Frederik Güth 1, Georgios Romanos 4,5
and Anna Winter 6


Citation: Brandt, S.; Lauer, H.-C.;
Fehrenz, M.; Güth, J.-F.; Romanos, G.;
Winter, A. Ball versus Locator®
Attachments: A Retrospective Study
on Prosthetic Maintenance and Effect
on Oral-Health-Related Quality of
Life. Materials 2021, 14, 1051.
https://doi.org/10.3390/ma14041051
Academic Editor: Bruno Chrcanovic
Received: 18 January 2021
Accepted: 16 February 2021
Published: 23 February 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
1 Department of Prosthodontics, Goethe University Frankfurt, Theodor-Stern-Kai 7,
60596 Frankfurt am Main, Germany; gueth@med.uni-frankfurt.de
2 Private Practice B2V Dr. Brandt and Colleagues, 61118 Bad Vilbel, Germany; h.c.lauer@freenet.de
3 Clinic for Oral and Maxillofacial Surgery, Saarland University Hospital, Kirrberger Str. 100,
66424 Homburg, Germany; mf21@me.com
4 Department of Periodontology, School of Dental Medicine, Stony Brook University, Rockland Hall 106,
Stony Brook, NY 11794-8700, USA; Georgios.Romanos@stonybrook.edu
5 Department of Oral Surgery and Implant, Goethe University Frankfurt, Theodor-Stern-Kai 7,
60596 Frankfurt am Main, Germany
6 Department of Prosthodontics, Julius Maximilian University Würzburg, Pleicherwall 2,
97070 Würzburg, Germany; Winter_A3@ukw.de
* Correspondence: brandt@med.uni-frankfurt.de; Tel.: +49-177-8286781
Abstract: Locator® and ball attachments are well-established systems to attach overdentures to
two inter-foraminal implants. This study aimed to evaluate differences between the two systems
regarding prosthetic maintenance and patients’ oral-health-related quality of life (OHRQoL). Dental
records of patients with a mandibular implant-retained overdenture were retrospectively analyzed.
Prosthetic maintenance measures involving the denture suprastructure and attachment matrix and
patrix were analyzed. Furthermore, the Oral Health Impact Profile-G14 (OHIP-G14) was used to
evaluate OHRQoL. Results were analyzed by means of Kaplan–Meier analysis and Student’s t-
and log-rank tests. The records of 122 patients were evaluated. Kaplan–Meier survival analysis
revealed a significant difference between ball attachments (Group B; n patients = 47) and Locator®
attachments (Group L; n patients = 75) regarding the occurrence of denture fractures (p < 0.001) and
events affecting the matrix (p = 0.028) and patrix (p = 0.030). Group L had a significantly lower total
OHIP-G14 score than Group B (p = 0.002). The most common maintenance events were matrix-related
and denture relining for both attachment systems. Group B required more maintenance measures
than Group L. Moreover, patients in Group L had better OHRQoL than patients in Group B.
Keywords: attachment; ball; locator; overdenture; OHRQoL; OHIP-G14
1. Introduction
The number of edentulous patients is declining; nonetheless, treatments of edentulous
jaws remain an essential part of day-to-day dental practice. Among edentulous patients, in
particular, the mandible exhibits severe atrophy of the alveolar ridge, which can result in
inadequate denture retention and restricted denture function, and thus in an associated
reduction in patient satisfaction [1]. To overcome this problem, dental implants can be
inserted to enhance stable seating of the denture. A removable denture can subsequently
be attached to the mandible in a comparable minimally invasive way by means of two
interforaminal implants [2,3].
The aims of using an implant-retained denture are to improve masticatory efficiency,
masticatory force, and patients’ oral-health-related quality of life (OHRQoL) [4,5]. The
choice of attachment type and the retention it provides can affect the improvement being
targeted, as well as the survival rates of the implants and dentures [6,7].
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Various attachment systems—each with its own particular advantages and disad-
vantages—are available for the retention of removable dentures. In this context, double-
crown-retained systems deliver good retention and high patient satisfaction; however, they
are highly technique-sensitive and very costly [8]. A magnet or bar attachment can also be
used, but these systems have been less clinically successful [9,10]. By contrast, ball-retained
dentures have yielded good clinical results, probably because their retention inserts can be
replaced, thus improving the denture’s long-term prognosis. Retention inserts can also be
replaced and adjusted in the Locator® system. The attachments in both systems are small
in height, which has a positive effect on the transmission of stress to peri-implant areas
during functional movements [11,12]. Based on the results of previous studies, these two
similar attachment systems can therefore be characterized as well-established therapeutic
options that are associated with good clinical results and high patient satisfaction [13–19].
In this context, the measures of patient satisfaction and OHRQoL—which is affected
by patient satisfaction—can also be used to evaluate treatment success. The Oral Health
Impact Profile (OHIP), which is available in several different versions and languages, is a
suitable means to assess OHRQoL during dental treatment [20]. The OHIP-G14 contains
14 questions, and the German-language version constitutes a validated tool for measuring
OHRQoL [21].
To make it easier for practitioners to decide between the two types of attachment, the
aim of this study was to investigate and quantify possible differences in terms of prosthetic
maintenance and OHRQoL.
The null hypothesis was that dentures with Locator® and ball attachments would not
differ with regard to prosthetic maintenance and OHRQoL.
2. Materials and Methods
This retrospective study analyzed the prosthetic maintenance of patients with a
mandibular implant-supported overdenture. Patients from three private dental prac-
tices who received an overdenture to restore an edentulous mandible between January
2004 and October 2018 were included in the study. Patients had to meet the inclusion
criterion of an overdenture on two interforaminal implants retained by means of ball or
Locator attachments. To be included in the study, patients were also required to regularly
attend maintenance appointments for a minimum period of 18 months. Patients with
incomplete records or alcohol/drug abuse problems were excluded. The patients’ final
appointment was defined by the endpoint of the observation period. The responsible
Ethics Committee at the Medical Council of Saarland, Germany, approved the study design
(approval number: 153/18; 22 October 2018).
For the collection of data, the prosthetic maintenance measures carried out during the
maintenance appointments were analyzed. A distinction was made among superstructure-
related maintenance measures (denture fracture, remaking, relining), and repair to matrix
and patrix components. Matrix-related events were divided into three categories: “Re-
adjusted,” “re-attached,” or “replaced”. Patrix-related events were categorized as “re-
attached” or “replaced”.
In addition, the German version of the OHIP-G14 was used to evaluate OHRQoL
in relation to each type of attachment. This questionnaire comprises 14 items related to
seven domains: Functional limitation, physical pain, psychological discomfort, physical
disability, psychological disability, social disability, and handicap [20]. These domains are
assessed by means of questions such as, “Have you found it uncomfortable to eat any foods
because of problems with your teeth, mouth or dentures?” or “Have you had to interrupt
meals because of problems with your teeth, mouth or dentures?” [20,21]. All patients
completed the OHIP-G14 questionnaire once at the start of the study. Patients were asked
to report how often the respective OHIP parameter had occurred during the past month.
Standardized response categories based on a five-point Likert scale were used (0 = never,
1 = rarely, 2 = occasionally, 3 = fairly often, and 4 = often) [22]. After the assessment, a total
OHIP score was calculated. A lower OHIP score indicates better oral health.
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IBM SPSS Statistics 25 (SPSS Inc.; IBM Company, Chicago, IL, USA) was used for
statistical analysis. The Kolmogorov–Smirnov test was used to test for a normal distribution,
and then analysis by means of the Mann–Whitney U test, chi-squared test, and Fisher’s
exact test was carried out. Student’s t- and log-rank tests were used to compare the two
treatment groups. Kaplan–Meier analyses were also conducted. The significance level was
set at p = 0.05.
3. Results
Notably, 122 patients (men: 52, women: 70, mean age: 63 ± 11.5 years) who received
an overdenture on two interforaminal implants retained either by ball (Group B; n of
patients = 47) or Locator® (Group L; n of patients = 75) attachments met the inclusion
criteria and were enrolled. The mean observation period was 116 ± 51.6 months for Group
B and 88 ± 52.5 months for Group L.
The following implant systems were used to retain the attachments being investigated:
Straumann (32%; Basel, Switzerland), Astra Tech (26%; Dentsply-Sirona; Charlotte, NC,
USA), Bredent (23%; Senden, Germany), Zimmer-Biomet (12%; Munich, Germany), and
ZEST (7%; Carlsbad, CA, USA). The mean implant length was 12 mm and the mean
diameter was 3.4 mm. During the entire observation period, two implants were removed
in total (both in Group B).
Table 1 shows the number of maintenance measures per denture. In both groups, the
most commonly required maintenance measures were matrix-related, at 6.1 ± 4.9 (Group B)
and 3.0 ± 3.5 (Group L) events per denture. Table 2 provides an overview of the general in-
cidence of maintenance, stratified by type of maintenance measure. Within 12 months, only
a small number of patrix-related events (≤1.4 ± 1.3%), denture refabrication (≤1.4 ± 1.3%),
and denture fracture (≤4.3 ± 2.9%) occurred in both groups. The need for denture relinings
appeared in 36.2 ± 7% (Group B) and 33.5 ± 5.5% (Group L), and matrix-related events in
40.2 ± 7.2% (Group B) and 28.3 ± 5.2% (Group L).
After an observation period of 60 months, 86% of patients in Group B had not been
affected by any “patrix-related events”. In Group L, this figure was 95%. Comparison
of the Kaplan–Meier analysis shows a significant difference in favor of Group L with
regard to “patrix-related events” (log-rank test, p = 0.030; Figure 1). Group L was also
significantly superior in terms of “matrix-related events” (log-rank test, p = 0.028; Figure 2)
and “denture fracture” (log-rank test, p < 0.001; Figure 3). No significant difference was
observed between groups L and B regarding the events “re-lining” and “re-fabrication”. In
total, 36 dentures had to be refabricated (Group B: n = 19; Group L: n = 17).
Table 1. Incidence of maintenance measures per denture (± SD), showing a decreasing trend.
Maintenance Measure Group B Group L
Matrix-related events per denture - -
Readjusted 5.1 ± 4.1 2.8 ± 3.1
Reattached 0.3 ± 0.5 0 ± 0.2
Replaced 0.8 ± 0.8 0.1 ± 0.5
Total 6.1 ± 4.9 3.0 ± 3.5
Denture relining 2.28 ± 1.75 1.23 ± 1.11
Denture fracture 1.09 ± 1.21 0.21 ± 0.58
Patrix-related events per denture - -
Reattached 0.1 ± 0.4 0.1 ± 0.2
Replaced 0.1 ± 0.3 0 ± 0.2
Total 0.3 ± 0.6 0.1 ± 0.4
Denture re-fabrication 0.57 ± 0.77 0.25 ± 0.50
Total number of documented events 10.28 ± 7.66 4.75 ± 4.84
Ball attachments (Group B)/Locator attachments (Group L).
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Table 2. Incidence of maintenance in % (±SD), stratified by group (B/L) and maintenance measure.
Maintenance Measure
Within 24 Months Within 60 Months
Group B Group L Group B Group L
Patrix-related events 2.1 ± 2.1 1.4 ± 1.3 19.5 ± 6.2 5.1 ± 2.9
Denture refabrication 0 2.8 ± 2 12.7 ± 5.3 11.9 ± 4.3
Denture fracture 8.6 ± 4.1 7.2 ± 3.1 45.5 ± 7.6 12.3 ± 4.1
Denture relining 55.7 ± 7.3 46.1 ± 6 72 ± 6.7 72.9 ± 5.8
Matrix-related events 76.6 ± 6.2 60.2 ± 6 95.3 ± 3.2 86.6 ± 4.6
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The OHIP-G14 questionnaire was filled out by 78 patients after the completion of
prosthetic treatment (Group B: 27, Group L: 51). Analysis yielded a total OHIP score
(mean ± SD) of 10.4 ± 4.45 points for Group L and 13.9 ± 5.16 points for Group B, signify-
ing a significant difference between the two groups (t-test, p = 0.002).
4. Discussion
The aim of this study was to evaluate possible differences between Locator® and
ball attachments in implant-retained mandibular overdentures in terms of prosthetic
maintenance. The results revealed that the two attachment systems did differ with regard
to prosthetic maintenance and the effect on OHRQoL. The null hypothesis could therefore
be rejected.
Analysis of the evaluated maintenance measures demonstrated an increasing number
of necessary maintenance associated with increasing observation time. In general, a higher
need for maintenance occurred in dentures retained by ball attachments, which negatively
affects their survival time compared to prostheses in Group L.
Matrix-related events were the m st common maintenance events in both groups. In
this study, the matrices of Group L had to be adjusted less often than those of Group B.
Kaplan–Meier survival analysis showed that this difference was statistically significant.
Within the prosthetic maintenance measures, 59.8 ± 7.2% (Group B) and 71.7 ± 5.2%
(Group L) of dentures remained unaffected by matrix-related events after one year. After
just 24 months, a further substantial decrease in these values had occurred. This suggests
that the need for matrix-related maintenance is high and occurs shortly after the completion
of treatment. In general, the readjustment of matrices represented the main reason for
“matrix-related events”.
In this context, matrices often need to be adjusted due to a loss of retention, which is
also mentioned in the literature as a common reason for prosthetic maintenance [23]. With
regard to Locator®-retained overdentures, Elsyad et al. showed a high initial retention
for various matrices, and only a small loss of retention after cyclic loading [24]. To ensure
long-lasting retentive stability, it is therefore advised to precisely adjust the retention of
the prosthesis at the point of its incorporation [25]. Sultana et al. found that retention
was initially higher for Locator®-retained dentures than for ball attachments [26], which is
consistent with the results of the present study. After artificial ageing by means of cyclic
loading, a loss of retention was observed for both types of attachment; however, this was
more pronounced for Locator than for ball attachments [26]. Taking the loss of retention as
the most common reason for maintenance, this is not supported by the present study. One
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influencing factor on the premature loss of retention might be the angulation of the implants.
A relationship between inter-implant angulation and a negative effect on retention behavior
has been described in relation to both Locator and ball attachments [26,27]. In addition,
and as a limitation of this study, it should be mentioned that the matrix structure in Group
B was not uniform. Both one-piece and two-piece matrix systems were used. Thus, patrix–
matrix retention was achieved using a lamella, a ring spring, or resin inserts in the matrix.
These differences could have been an influencing factor for the ratio of adjustment needs
observed in Group B.
Relining was the second-most common type of prosthetic maintenance required.
Within 24 months after incorporation, approximately 55% (group B) and 46% (group L) of
dentures in both groups required relining. Considering 5 years post-incorporation, about
72% of dentures underwent relining. No significant difference was observed between the
two groups.
By contrast, a significant difference in favor of Group L was observed in terms of
the time until first denture fracture. This is consistent with previous studies by Vahidi
et al. and Fernadez-Estevan et al., which also describe the relining and repair of prosthesis
fracture as common prosthetic maintenance measures [28,29]. A possible cause for this
might be the resilient support of the overdentures investigated [30]. In this context, regular
relining ensures a good fit between the denture base and foundation area, which might
reduce the probability of fracture, having a positive effect on patient satisfaction and the
functionality and long-term stability of the denture [31]. If the fit between the denture and
foundation area is poor, or if areas of the denture are subjected to severe stresses, then a
deformity in the base of the complete denture can result in denture fractures [32]. Elsyad
et al. found that denture deformations in the area above the implants were significantly
worse in ball-retained overdentures than in the Locator®-retained alternative [33]. This less
distinct point of weakest resistance could be one reason why denture fractures were less
common in Group L. Based on the results of the present and previously published studies,
reinforcement of the denture base by metal structures can be recommended, particularly if
ball attachments are used [33].
Although only a small number of patrix-related events occurred, Kaplan–Meier sur-
vival analysis showed that Group L was significantly superior in this regard. In this context,
the time-to-first event was significantly better for the dentures in Group L than for those in
Group B. The events “re-attachment” and “replacement of matrices” were observed, which
can be caused by abutments becoming loose or worn. In their in vitro study, Aroso et al.
observed no wear on metal abutments after cyclic loading [34]. This is consistent with the
generally low incidence of this event in the present study. However, wear is also affected
by patrix angulation, which was not considered in the current study [34]. Furthermore,
the abutment-surface finish also has an effect on wear. Yabul et al. showed a significant
relationship between the extent of wear and the matrix and patrix materials used in ball
attachments [35], which might explain the higher incidence of this event in Group B.
In addition to analyzing patients’ prosthetic maintenance measures, the present study
also investigated OHRQoL. Analysis of the results of the OHIP-G14 questionnaire revealed
that the study patients’ OHRQoL was less impaired than that of most patients who are
edentulous or wear complete dentures [36]. A possible explanation for the findings could
be that wearing implant-supported prostheses results in an increase in oral function. In
general, an improvement in speech quality after prosthetic rehabilitation was observed
by Knipfer et al. [37]. Furthermore, Müller et al. described a positive effect on chewing
efficiency for implant-supported overdentures [38].
Furthermore, OHRQoL was affected by the attachment system used. The results
indicate that OHRQoL was significantly higher in Group L, as signified by Group B’s sig-
nificantly higher OHIP scores. Nevertheless, the average scores from the OHIP evaluations
were higher in this study than in previous studies [16,39]. It should be noted, however,
that a baseline evaluation was not performed in the present study, which is of relevance
regarding OHIP score categorization [39]. Therefore, the assessment before treatment is
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missing in both groups. Thus, the change in OHIP score and the impact of treatment on
OHIP score could not be investigated, which must be taken into account when interpreting
the results. Furthermore, Deeb et al. demonstrated that OHRQoL among patients with
removable dentures is also affected by socio-economic, demographic, and anamnestic
parameters [40]. The effect of these parameters was not assessed in the present study,
which constitutes a further limitation regarding the assessment of OHRQoL.
Another is the time of OHRQoL assessment. All patients answered the OHIP question-
naire once at the start of the retrospective study, not at a defined time after receiving their
dentures. The length of time between completion of treatment and assessment of OHRQoL
therefore differed among the patients, which could also have affected the outcome of the
study [16].
In their study of a similar design, Kuoppala et al. also assessed OHRQoL related to
implant-supported overdentures in a retrospective manner [41]. However, unlike in the
present study, Kuoppala et al. analyzed demographic factors.
Furthermore, a possible relationship between OHRQoL and maintenance measures
required has been described previously [16]. This agrees with the results of the present
study, whereby Group L’s lower maintenance requirements might have had a positive
effect on their OHRQoL.
When considering the results of this study, one limitation to consider is that the pa-
tients were treated by different practitioners. As a result, possible practitioner-dependent
influencing factors need to be considered. On the other hand, multiple practitioners mini-
mize the influence of possible bias regarding clinical decision making by one practitioner.
Further, this approach has been used in previous studies and corresponds to common
practice [42,43]. To minimize any influence from the respective practitioner, a standardized
treatment procedure was selected for the fabrication of both types of denture. As a result,
the study only included dentures that had been fabricated in accordance with the relevant
manufacturer specifications.
Another limitation of the study is its retrospective design, which was based on the
records of different dentists [43]. Although a standardized procedure was used, the
possibility of inconsistent documentation cannot be ruled out, which might have affected
the study results. Here, too, a standardized procedure was used to try to ensure that the
records of the different dentists were as comparable as possible.
Finally, another limitation is that groups L and B differed in size and observation time.
However, because the group sizes depended on the patients’ choice of preferred attachment
system, it was not possible to control this parameter. The influence of this parameter was
limited as far as possible by the method of data analysis, e.g., reporting results by year.
Nevertheless, to reduce the effects of patient-related factors, further prospective studies
with equal group size and observation periods, as well as an interindividual comparison of
both attachment systems, are recommended.
5. Conclusions
Within the limitations of the present study, the following conclusions can be drawn:
• Fewer maintenance measures were required for implant-retained overdentures re-
tained by Locator® attachments than for those retained by ball attachments.
• Denture fracture occurred more frequently when ball attachments were applied.
• In both groups, the most common maintenance measures were matrix-related events,
re-lining, and denture fractures.
• OHRQoL was significantly higher among patients in Group L than among patients in
Group B.
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